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Base (100-Year) Flood Elevations for Selected
Sites in Livingston County, Missouri

By Rodney E. Southard and Joseph M. Richards

Abstract

The primary criteriafor community partici-
pation in the National Flood Insurance Programis
the adoption and enforcement of floodplain man-
agement requirements that minimize the potential
for flood damages to existing and proposed devel-
opment inflood-hazard areas. Thisreport provides
base flood elevations (BFE) for a 100-year recur-
rence-interval flood for useinthe management and
regulation of 18 flood-hazard areas designated by
the Federal Emergency Management Agency as
approximate Zone A areas in Livingston County,
Missouri.

The one-dimensional surface-water flow
models HEC-RAS and Water-Surface PROfile
(WSPRO) were used to compute base (100-year)
flood elevations for 18 Zone A sites. The HEC-
RASmodel wasused at BFE sites1t0 6, 9, 10, and
15 to 18. The WSPRO model was used at BFE
sites7, 8, and 11 to 14. The 18 sitesare all located
in Livingston County, Missouri, at U.S., State, or
County road crossings, and the base flood eleva-
tion was determined at the upstream side of each
crossing. The base (100-year) flood elevationsfor
BFE 1, 2, and 3 on Shoal Creek at Dawn and Shoal
Creek Drainage Ditch near Dawn are 701.0, 701.0,
and 696.5 feet, respectively. The base (100-year)
flood elevationsfor BFE 4 and 5 on Indian Branch
near Sampsel and atributary to Indian Branch near
Sampsel are 711.7 and 755.4 feet, respectively.
Site BFE 6 islocated on Honey Creek near Farm-
ersvilleand the base (100-year) flood elevation for
thissiteis 730.8 feet. One site (BFE 7) islocated

on No Creek near Farmersville. The base (100-
year) flood elevation for thissiteis 731.3 feet. Site
BFE 8 islocated on Crooked Creek near Chillico-
the and the base (100-year) elevation is 716.4 feet.
Onesite (BFE 9) islocated on atributary to Coon
Creek at Chillicothe. The base (100-year) flood
elevation for thissiteis 734.9 feet. Two sites (BFE
10 and 11) are located on Blackwell Branch at
Chillicothe. The base (100-year) flood elevation
for BFE 10is738.9 feet and for BFE 11is 701.7
feet. The base (100-year) flood elevation for BFE
12 on Medicine Creek near Chulais 721.7 feet.
Sites BFE 13 and 15 are on Muddy Creek and for
BFE 14 ison Little Muddy Creek near Chula. The
base (100-year) flood elevations for BFE 13 and
15 are 733.0 and 717.9 feet, respectively and for
BFE 14is734.6 feet. Downstream from BFE 12 is
site BFE 16 on Medicine Creek near Wheeling.
The base (100-year) flood elevation for site BFE
16is686.1 feet. One site (BFE 17) islocated on
Campbell Creek near Bedford. The base (100-
year) flood elevation at this site is 691.8 feet. Site
BFE 18 islocated on Towstring Creek near Hale.
The base (100-year) flood elevation for site BFE
18is667.4 feet.

INTRODUCTION

In 1968, the United States Congress passed the
National Flood Insurance Act, which created the
National Flood Insurance Program. Congress recog-
nized that the success of this program requires that
community participation be widespread and that
detailed flood-insurance studies be conducted to accu-
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rately assess the flood risk within each participating
flood-prone community (U.S. Department of Housing
and Urban Development, 1995). The primary criteria
for community participation in the National Flood
Insurance Program is the adoption and enforcement of
floodplain management requirements. The purpose of
the requirements is to minimize the potential for flood
damages to existing and proposed development in
flood-hazard aress.

The Housing and Urban Development Act of
1969 expanded participation in the National Flood
Insurance Program by authorizing an Emergency Pro-
gram under which insurance coverage could be pro-
vided before completion of the communities’ detailed
flood-insurance studies. Before these studies could be
conducted for the communities, Flood Hazard Bound-
ary Maps were prepared by engineers, surveyors, and
devel opers using either available data or approximate
engineering methods. The Flood Hazard Boundary
Maps identify the approximate areas within acommu-
nity subject to inundation by a 100-year recurrence-
interval flood. These areas are referred to as Zone A
areas on the boundary maps. Zone A areas have aone
percent chance of being inundated by a 100-year flood
in any given year. The Flood Hazard Boundary Map
was intended to assist communities in managing flood-
plain development and insurance agents and property
ownersinidentifying areaswhere the purchase of flood
insurance was advisable (U.S. Department of Housing
and Urban Development, 1995).

The Flood Disaster Protection Act of 1973,
which amended the 1968 National Flood Insurance
Act, required that flood-prone communities be notified
of their flood hazards to encourage insurance program
participation. This was accomplished through publish-
ing Flood Hazard Boundary Maps for all communities
that were identified as containing flood-hazard areas.
Theinitial Flood Hazard Boundary Maps were pre-
pared using results from detailed flood-insurance stud-
ies. Asearly as 1976, the Federal Emergency
Management Agency (FEMA) recognized that some
communities did not require a detailed flood study
because few buildings existed in the floodplain and
development plans were minimal. Shortly thereafter,
FEMA began designating communities with sparse
existing and planned development in floodplains as
having approximate Zone A areas on the Flood I nsur-
ance Rate Map (U.S. Department of Housing and
Urban Development, 1995). To minimize study costs,

the approximate Zone A areas were to be analyzed
using less-detailed methodol ogies than those used in
detailed flood-insurance studies.

In areas designated as approximate Zone A,
where base (100-year) flood elevations (BFEs) have
not been provided by FEMA, communities must adopt
and enforce floodplain management regulations that
meet minimal National Flood Insurance Program stan-
dards (U.S. Department of Housing and Urban Devel-
opment, 1995). However, in Zone A areas where base
flood elevations are determined, communities are bet-
ter able to manage and protect property susceptibleto
floods equal to or less than a 100-year flood. The U.S.
Geologica Survey (USGS), in cooperation with the
State Emergency Management Agency, has completed
astudy using one-dimensional surface-water flow-
modelsto compute base (100-year) flood el evationsfor
18 approximate Zone A sitesin Livingston County,
Missouri. The 18 selected sites are located at U.S,,
State, or County road crossings, and the base flood ele-
vation for asite was determined on the upstream side of
each crossing. This report presents the results of that
study.

DESCRIPTION OF THE STUDY AREA

Livingston County (fig. 1), population of about
14,500, isin the north-central part of Missouri and cov-
ersabout 538 mi? (square miles). Chillicothe, in central
Livingston County, is the county seat, and has a popu-
lation of about 8,800. The county is economically
dependent on farming or farm-related businesses.
Farming operations mainly consist of growing row
crops such as soybeans and corn.

Topography variesin Livingston County, rang-
ing from gently sloping to moderately steep in the
uplands and ridgetops, to nearly level to gently sloping
aong the Grand River. Soils in the county range from
moderate to poorly drained in the uplands and ridge-
tops to moderate to poorly drained loamy and clayey
along the Grand River. The Grand River flows through
Livingston County from the west to the southeast cor-
ner (Allgood and Persinger, 1979). The climate of Liv-
ingston County ischaracteristic of the northwest prairie
of the State of Missouri (Huff and Angel, 1992). Statis-
tical analyses of climatological recordsin Huff and
Angel (1992) indicate 100-year recurrence-interval
rainfall totalsfor the 1-, 12-, and 24-hour storm periods

2 Base (100-Year) Flood Elevations for Selected Sites in Livingston County, Missouri



93°30'

93°45' _ —— -——L———

—y—-——- puh=Spl | oBFE 6 W Farmersville ) |

N No/ P
] 2 |
A Chula
| § L BFE12( . BFE13 |
| BFE 14
,P{.
| g BFE 8 V] BB
Crooked @
I . [KK] 3
& &
BFE 15

39°52'30" *

| $o

),

[v3]

m

m

f.b
RN
O
)
g
Ef

My,

Q.
§ NS
é P @Q\\. BFE 10 =
o
S
) = i
BEE ﬂ‘:@aﬁ jFE 16 ,j
3

Mooresville
Utica
H__@@*

Gr, and

|

|

|

84 R s L] !
val Wheeling I
|

|

|

|

e —

39°37'30" —l

VAV NS NI, VS T Vs —

Base from U.S. Geological Survey digital data, 1:100,000, 1991; 1:24,0000, 1995
U.S. Census Bureau digital data, 1:100,000, 2000

Universal Transverse Mercator projection

Zone 15

5 MILES
1 |

5 KILOMETERS

EXPLANATION

LIVINGSTON
o BFE1  BASE FLOOD ELEVATION SITE COUNTY
AND NUMBER

Figure 1. Location of base (100-year) flood elevation sites in Livingston County, Missouri.

Description of the Study Area 3



were 3.43, 6.35, and 7.30in. (inches), respectively. The
annual mean rainfall for the city of Chillicotheis37.81
in. from 1971 to 2000.

HYDROLOGIC AND HYDRAULIC
ANALYSES

Several hydrologic or hydraulic methods can be
used to estimate flood dischargesfor approximate Zone
A areas. For this study, base (100-year) flood dis-
chargesfor all siteswere estimated using theregression
equation (Region I) in Alexander and Wilson (1995).
This regression equation for unregulated streamsin
rural Missouri requires computation of two basin char-
acteristics: drainage area and main-channel slope.

The one-dimensional surface-water flow model!,
HEC-RAS, developed by the U.S. Army Corps of
Engineers (1997), was used in this study to compute
base (100-year) flood elevations at sitesBFE 110 6, 9,
10, and 15to 18. HEC-RASisbased on the principl e of
conservation of streamflow energy, which states that
the energy at the upstream valley sectionisequal to the
streamflow energy at the downstream section plus the
friction and transition losses between the two sections.
Starting water-surface elevations were verified by nor-
mal-depth computations at the farthest downstream
valley cross section. Normal depth is the depth
expected for a stream when the flow is uniform and
steady (U.S. Department of Housing and Urban Devel-
opment, 1995).

To supplement the data for this study, results of
an ongoing scour project with the Missouri Department
of Transportation (MoDOT) were included in this
report. The USGS, in cooperation with MoDOT, is
evaluating the potential for bridge scour at selected
bridges throughout the State. After preliminary evalua-
tions, bridges identified as being susceptible to scour
were selected for step-backwater analyses to estimate
scour depths. In the scour project, the step-backwater
model Water-Surface PROfile (WSPRO; Shearman,
1990) was used to route the 100-year peak discharge
through the sel ected bridges. Base (100-year) flood ele-
vations computed at the upstream side of the bridges
using the WSPRO model are provided in the resultsfor
this study. In Livingston County, seven scour-suscepti-
ble bridges were identified at sitesBFE 1, 7, 8, and 11
to 14 (R.J. Huizinga, U.S. Geological Survey, written
commun., 2002).

The hydraulic analyses for this study are based
on unobstructed flow conditions. Computed base (100-
year) flood elevations are valid if hydraulic structures
(bridges) remain unobstructed and channel and over-
bank flow conditions remain essentially unchanged.
Elevations are referenced to the National Geodetic Ver-
tical Datum of 1929 (NGVD 29) in this report. Eleva-
tions, locations, and descriptions of reference marks
are given in table 1, in the "Supplemental Data" sec-
tion.

Base Flood Elevation for Sites BFE 1
and 2

Site BFE 1 islocated on Shoal Creek, at State
Highway C at Dawn, and site BFE 2 is |ocated on the
Shoal Creek Drainage Ditch at State Highway DD,
approximately 1.5 mi (miles) west of Dawn, in the
southwest corner of Livingston County (figs. 1 and 2).
Shoal Creek and Shoal Creek Drainage Ditch flow ina
northeasterly direction and roughly parallel to each
other for about 8.5 mi. A series of levees are in place
between the natural Shoal Creek channel and the Shoal
Creek Drainage Ditch throughout this reach. The
levees were not designed to contain alarge flood such
as the 100-year recurrence-interval flood discharge
used to determine the base (100-year) flood elevation.
Thus, cross sections were developed for the entire
floodplain at sitesBFE 1 and 2. At site BFE 1, the chan-
nel-top width isabout 80 ft (foot) with an average chan-
nel depth of about 10 ftinthevicinity of State Highway
C. At site BFE 2, the channel-top width is about 140 ft
with an average channel depth of about 12 ft in the
vicinity of State Highway DD. Hydrologically, sites
BFE 1 and 2 were considered to be at the samelocation
within the Shoal Creek drainage basin. The drainage
area upstream from sites BFE 1 and 2 is 566 mi2, and
the basin predominately is farmland (rural). The 100-
year recurrence-interval discharge computed using the
regression equation from Alexander and Wilson (1995)
estimates a base (100-year) flood of 37,100 ft3/s (cubic
foot per second) for each site (table 2).

The base (100-year) flood elevation for sites
BFE 1 and 2is701.0ft (table 2). Twenty-one cross sec-
tionswere used inthe HEC-RA S analysesto determine
BFE 1 and 2. Cross sectionsimmediately upstream and
downstream from State Highways C and DD were
obtained by field (transit-stadia) survey during this
study and from data obtained during the scour study at
BFE 1 (fig. 2). Other cross sections were obtained by

4 Base (100-Year) Flood Elevations for Selected Sites in Livingston County, Missouri
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Table 2. Summary of base (100-year) flood discharges and elevations for selected sites in Livingston County, Missouri
[miz, sguare mile; ft/mi, foot per mile; ft%/s, cubic foot per second; ft, foot; NGV D 29, National Geodetic Vertical Datum of 1929]

Base Base
Map Drainage Main-channel (100-year) flood (100-year) flood

number area (A) slope (S) discharge?® elevation”
(fig. 1) Stream and location (mi?) (ft/mi) (ft3/s) (ft)
BFE 1 Shoal Creek at State Highway C at Dawn 566 3.76 37,100 701.0
BFE 2 Shoal Creek Drainage Ditch at State Highway DD near Dawn 566 3.76 37,100 701.0
BFE 3 Shoal Creek Drainage Ditch at County Road 418 near Dawn 589 3.60 37,500 696.5
BFE 4 Indian Branch at State Highway N at Sampsel 22,6 13.1 6,990 7117
BFES5 Tributary to Indian Branch at County Road 515 near Sampsel 2.50 63.1 2,860 755.4
BFE 6 Honey Creek at County Road 202 near Farmersville 106 6.99 15,400 730.8
BFE 7 No Creek at U.S. Highway 65 near Farmersville 67.0 6.82 11,300 731.3°
BFE 8 Crooked Creek at U.S. Highway 65 near Chillicothe 13.6 16.6 5,450 716.4°
BFE9 Tributary to Coon Creek at State Highway 190 at Chillicothe 2.20 321 2,080 734.9
BFE 10 Blackwell Branch at County Road 232 at Chillicothe 343 28.0 2,660 738.9
BFE 11 Blackwell Branch at U.S. Highway 36 at Chillicothe 7.37 184 3,790 701.7°
BFE 12 Medicine Creek at State Highway K near Chula 395 4.28 30,700 721.7°
BFE 13 Muddy Creek at State Highway KK near Chula 443 8.58 9,360 733.0°
BFE 14 Little Muddy Creek at State Highway KK near Chula 193 12.3 6,170 734.6°
BFE 15 Muddy Creek at County Road 216 near Chula 722 7.98 12,600 717.9
BFE 16 Medicine Creek at U.S. Highway 36 near Wheeling 520 4.38 37,000 686.1
BFE 17 Campbell Creek at County Road 310 near Bedford 419 395 3,410 691.8
BFE 18 Towstring Creek at County Road 387 near Hale 114 25.2 5,600 667.4

@ Alexander and Wilson (1995), Q;5=376(a) %652 (S)%346 Region 1.
b Above NGVD29
¢ R.J. Huizinga, U.S. Geological Survey, written commun., 2002.



contouring 30-m (meter) (98.4-ft) digital elevation
model (DEM) data at a 1-m (3.28-ft) contour interval
and cutting cross sections on the contoured surface.
These cross sections were then modified on the basis of
field surveys and channel data obtained during the site
visit. Pertinent bridge and embankment geometry of
piers, wingwalls, abutment and embankment slopes,
and road profile were obtained from the field survey.
Manning's roughness coefficients used in the HEC-
RAS analyses were obtained from the field survey
(Arcement and Schneider, 1989) and ranged from
0.040 to 0.060 for the main channel and from 0.070 to
0.080for the floodplain. The starting water-surface ele-
vation was determined from the step-backwater analy-
ses conducted at site BFE 3 located downstream. The
base (100-year) flood elevation from this study is
dightly higher (0.4 ft) than the results provided from
the scour study at site BFE 1. The HEC-RAS analysis
modeled Shoal Creek for more than 9 mi downstream
of site BFE 1, considerably father downstream than the
scour study reach, and the difference may befromlevee
constrictions not modeled in the scour study.

Base Flood Elevation for Site BFE 3

Site BFE 3 on Shoal Creek Drainage Ditchis
located about 2.8 mi downstream from site BFE 2 at
County Road 418 and approximately 2.3 mi northeast
of Dawn in the southwest part of Livingston County
(figs. 1 and 3). Shoal Creek Drainage Ditch flowsina
northeasterly direction and is a tributary to the Grand
River about 6 mi downstream. In thevicinity of County
Road 418, the Shoal Creek Drainage Ditch has a chan-
nel-top width of about 110 ft and an average channel
depth of 16 ft. The drainage areaincreases from 566
mi? at sites BFE 1 and 2 to 589 mi? at site BFE 3. The
100-year recurrence-interval discharge computed using
the regression equation from Alexander and Wilson
(1995) estimates abase (100-year) flood of 37,500 ft3/s
(table 2).

The base (100-year) flood elevation for site BFE
3is696.5 ft (table 2). Twelve cross sections were used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from County Road 418 were
obtained by field (transit-stadia) survey at or near BFE
3 (fig. 3). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained

during the site visit. Pertinent bridge and embankment
geometry of the piers, wingwalls, abutment and
embankment slopes, and road profile were obtained
from the field survey. Manning's roughness coeffi-
cientsused in the HEC-RA S analyses were determined
from field observations (Arcement and Schneider,
1989) and ranged from 0.050 to 0.060 for the main
channel and from 0.060 to 0.080 for thefloodplain. The
starting water-surface el evation was determined by nor-
mal-depth computation and from HEC-RAS conver-
gence analyses.

Base Flood Elevation for Site BFE 4

Site BFE 4 on Indian Branch is located on State
Highway N and approximately 0.9 mi west of Sampsel
in the west-central part of Livingston County (figs. 1
and 4). Indian Branch flowsin a southerly direction at
site BFE 4. In the vicinity of the road crossing, Indian
Branch has a channel-top width of about 45 ft and an
average channel depth of 11 ft. The 22.6-mi 2 drai nage
basin upstream from site BFE 4 predominately is rural
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 6,990 ft¥/s (table 2).

The base (100-year) flood elevation for site BFE
4is711.7 ft (table 2). Nine cross sectionswere used in
the HEC-RAS analyses. Cross sections immediately
upstream and downstream from State Highway N were
obtained by field (transit-stadia) survey at or near BFE
4 (fig. 4). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Pertinent bridge and embankment
geometry of piers, wingwalls, abutment and embank-
ment slopes, and road profile were obtained from the
field survey. Manning's roughness coefficients used in
the HEC-RAS analyses were determined from field
observations (Arcement and Schneider, 1989) and
ranged from 0.055 to 0.070 for the main channel and
from 0.070 to 0.080 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 4 7
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Base Flood Elevation for Site BFE 5

Site BFE 5 islocated on County Road 515 on a
tributary to Indian Branch and approximately 4.0 mi
north of Sampsel in the northwest part of Livingston
County (figs. 1 and 5). The tributary to Indian Branch
flows through a concrete culvert in a general south-
westerly direction at site BFE 5. The confluence with
Indian Branchislessthan 0.2 mi downstream. The
study reach for site BFE 5 was extended downstream of
the confluence to account for any possible backwater
effects from Indian Branch. In the vicinity of the road
crossing, the tributary to Indian Branch has a channel-
top width of about 30 ft and an average channel depth
of 7 ft. The 2.50-mi? drai nage basin upstream from site
BFE 5 predominately isrural farmland. The 100-year
recurrence-interval discharge computed using the
regression equation from Alexander and Wilson (1995)
estimates a base (100-year) flood of 2,860 ft3/s (table
2).

The base (100-year) flood elevation for site BFE
5is755.4 ft (table 2). Sixteen cross sections were used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from County Road 515 were
obtained by field (transit-stadia) survey at or near BFE
5 (fig. 5). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Manning’s roughness coefficients
used in the HEC-RAS analyses were determined from
field observations (Arcement and Schneider, 1989) and
ranged from 0.060 to 0.080 for the main channel and
from 0.060 to 0.100 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 6

Site BFE 6 on Honey Creek islocated on County
Road 202 and approximately 1.5 mi southwest of
Farmersvillein the north-central part of Livingston
County (figs. 1 and 6). Honey Creek flowsin ageneral
southerly direction at site BFE 6. In the vicinity of the
road crossing, Honey Creek has a channel-top width of
about 90 ft and an average channel depth of 10 ft. The
106-mi? drainage basin upstream from site BFE 6 pre-
dominately isrural farmland. The 100-year recurrence-

interval discharge computed using the regression equa:
tion from Alexander and Wilson (1995) estimates a
base (100-year) flood of 15,400 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
6is730.8 ft (table 2). Eleven cross sections were used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from County Road 202 were
obtained by field (transit-stadia) survey at or near BFE
6 (fig. 6). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Pertinent bridge and embankment
geometry of piers, wingwalls, abutment and embank-
ment slopes, and road profile were obtained from the
field survey. Manning's roughness coefficients used in
the HEC-RAS analyses were determined from field
observations (Arcement and Schneider, 1989) and
ranged from 0.050 to 0.060 for the main channel and
from 0.060 to 0.070 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 7

Site BFE 7 on No Creek islocated on U.S. High-
way 65 and approximately 0.7 mi south of Farmersville
in the north-central part of Livingston County (figs. 1
and 7). No Creek flows in a southwesterly direction at
site BFE 7. In the vicinity of the road crossing, No
Creek has a channel-top width of about 75 ft and an
average channel depth of 4 ft. The 67.0-mi? drai nage
basin upstream from site BFE 7 predominately is rural
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 11,300 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
7is731.3 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Five cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from U.S.
Highway 65 were obtained by field (transit-stadia) sur-
vey at or near BFE 7 (fig. 7); also, 7.5-minute topo-
graphic maps were used to supplement thefield survey
cross-section data where needed. Pertinent bridge and
embankment geometry of piers, wingwalls, abutment
and embankment slopes, and road profile were
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Figure 5. Tributary to Indian Branch base (100-year) flood elevation site (BFE 5) near Sampsel, Missouri.
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Figure 6. Honey Creek base (100-year) flood elevation site (BFE 6) near Farmersville, Missouri.

12 Base (100-Year) Flood Elevations for Selected Sites in Livingston County, Missouri



93°34' 93°32'

Base from U.5. Geological Survey digital orthophoto quarter-guadrangle, 1:12,000, 1989 0 0.5 1 MILE
. - 1 aljld digital data, 1:24,000, 1995 o I . | T |
/ | g:;v::ssal Transverse Mercator projection 0 05 1 KILOMETER
Enlarged EXPLANATION
area
|
| OBFE 7 BASE FLOOD ELEVATION SITE AND NUMBER
LIVINGSTON - CROSS-SECTION LOCATION
COUNTY 7
5 BASIN BOUNDARY

Figure 7. No Creek base (100-year) flood elevation site (BFE 7) near Farmersville, Missouri.

Base Flood Elevation for Site BFE 7

13



obtained from the field survey. Manning’s roughness
coefficients used in the WSPRO analyses were deter-
mined from field observations (Arcement and
Schneider, 1989) and ranged from 0.055 to 0.075 for
the main channel and from 0.060 to 0.150 for the flood-
plain. The starting water-surface elevation was deter-
mined by normal-depth computation and from WSPRO
convergence analyses.

Base Flood Elevation for Site BFE 8

Site BFE 8 on Crooked Creek islocated on U.S.
Highway 65 and approximately 4.5 mi north of Chilli-
cothe in the north-central part of Livingston County
(figs. 1 and 8). Crooked Creek flowsin awesterly
direction at site BFE 8. Inthe vicinity of the road cross-
ing, Crooked Creek has a channel-top width of about
52 ft and an average channel depth of 4ft. The 13.6-mi?
drainage basin upstream from site BFE 8 predomi-
nately isrural farmland. The 100-year recurrence-inter-
val discharge computed using the regression equation
from Alexander and Wilson (1995) estimates a base
(100-year) flood of 5,450 ft¥/s (table 2).

The base (100-year) flood elevation for site BFE
8is716.4 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Five cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from U.S.
Highway 65 were obtained by field (transit-stadia) sur-
vey at or near BFE 8 (fig. 8); also, 7.5-minute topo-
graphic maps were used to supplement the field survey
cross-section data where needed. Pertinent bridge and
embankment geometry of piers, wingwalls, abutment
and embankment slopes, and road profile were
obtained from the field survey. Manning’s roughness
coefficients used in the WSPRO analyses were deter-
mined from field observations (Arcement and
Schneider, 1989) and ranged from 0.050 to 0.065 for
the main channel and from 0.080 to 0.200 for the flood-
plain. The starting water-surface elevation was deter-
mined by normal-depth computation and from WSPRO
convergence analyses.

Base Flood Elevation for Site BFE 9

Site BFE 9 on atributary to Coon Creek is
located on State Highway 190 and at the northwest
edge of Chillicothe in the central part of Livingston
County (figs. 1 and 9). The tributary to Coon Creek

flows through a concrete culvert in a southerly direc-
tion at site BFE 9. In the vicinity of the road crossing,
the tributary to Coon Creek has a channel-top width of
about 18 ft and an average channel depth of 6 ft. The
2.20-mi? drainage basin upstream from site BFE 9 pre-
dominately isrural farmland. The 100-year recurrence-
interval discharge computed using the regression equa:
tion from Alexander and Wilson (1995) estimates a
base (100-year) flood of 2,080 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
9is 734.9 ft (table 2). Eleven cross sections were used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from State Highway 190
were obtained by field (transit-stadia) survey at or near
BFE 9 (fig. 9). Other cross sections were obtained by
contouring 30-m (98.4-ft) DEM dataat a1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Pertinent bridge and embankment
geometry of piers, wingwalls, abutment and embank-
ment slopes, and road profile were obtained from the
field survey. Manning's roughness coefficients used in
the HEC-RAS analyses were determined from field
observations (Arcement and Schneider, 1989) and
ranged from 0.060 to 0.075 for the main channel and
from 0.070 to 0.100 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 10

Site BFE 10 on Blackwell Branch islocated on
County Road 232 and approximately 0.7 mi northeast
of Chillicothe in the central part of Livingston County
(figs. 1 and 10). Blackwell Branch flows in a south-
westerly direction at site BFE 10. At thetime of thesite
visit (June 2002), bridge construction was underway at
the crossing, thus a composite valley section was used
to model the effect of County Road 232 embankments.
In the vicinity of the road crossing, Blackwell Branch
has a channel-top width of about 20 ft and an average
channel depth of 5 ft. The 3.43-mi? drainage basin
upstream from site BFE 10 predominately isrura
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 2,660 ft/s (table 2).
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The base (100-year) flood elevation for site BFE
10is738.9ft (table 2). Eleven cross sectionswere used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from County Road 232 were
obtained by field (transit-stadia) survey at or near site
BFE 10 (fig. 10). Other cross sectionswere obtained by
contouring 30-m (98.4-ft) DEM dataat a1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Manning’s roughness coefficients
used in the HEC-RAS analyses were determined from
field observations (Arcement and Schneider, 1989) and
ranged from 0.060 to 0.075 for the main channel and
from 0.080 to 0.100 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 11

Site BFE 11 on Blackwell Branch islocated on
U.S. Highway 36 and at the southeast edge of Chillico-
thein the central part of Livingston County (figs. 1 and
11). Blackwell Branch flowsin asoutherly direction at
site BFE 11. Inthevicinity of theroad crossing, Black-
well Branch has a channel-top width of about 50 ft and
an average channel depth of 6 ft. The 7.37-mi? drainage
basin upstream from site BFE 11 predominately isrural
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 3,790 ft¥/s (table 2).

The base (100-year) flood elevation for site BFE
11is701.7 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Five cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from U.S.
Highway 36 were obtained by field (transit-stadia) sur-
vey at or near BFE 11 (fig. 11); also, 7.5-minute topo-
graphic maps were used to supplement the field survey
cross-section data where needed. Pertinent bridge and
embankment geometry of piers, wingwalls, abutment
and embankment slopes, and road profile were
obtained from the field survey. Manning’s roughness
coefficients used in the WSPRO analyses were deter-
mined from field observations (Arcement and
Schneider, 1989) and ranged from 0.045 to 0.065 for
the main channel and from 0.050 to 0.072 for the flood-

plain. The starting water-surface elevation was deter-
mined by normal -depth computation and from WSPRO
convergence analyses.

Base Flood Elevation for Site BFE 12

Site BFE 12 on Medicine Creek is located on
State Highway K and approximately 1.1 mi east of
Chulain the northeast part of Livingston County (figs.
1 and 12). Medicine Creek flows in a southerly direc-
tion at site BFE 12. In thevicinity of the road crossing,
Medicine Creek has a channel-top width of about 100
ft and an average channel depth of 20 ft. The 395-mi?
drainage basin upstream from site BFE 12 predomi-
nately isrural farmland. The 100-year recurrence-inter-
val discharge computed using the regression equation
from Alexander and Wilson (1995) estimates a base
(100-year) flood of 30,700 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
12is721.7 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Six cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from State
Highway K were obtained by field (transit-stadia) sur-
vey at or near BFE 12 (fig. 12); also, 7.5-minute topo-
graphic maps were used to supplement the field survey
cross-section data where needed. Pertinent bridge and
embankment geometry of piers, wingwalls, abutment
and embankment slopes, and road profile were
obtained from the field survey. Manning's roughness
coefficients used in the WSPRO analyses were deter-
mined from field observations (Arcement and
Schneider, 1989) and were 0.035 for the main channel
and ranged from 0.040 to 0.080 for the floodplain. The
starting water-surface el evation was determined by nor-
mal-depth computation and from WSPRO convergence
analyses.

Base Flood Elevation for Site BFE 13

Site BFE 13 on Muddy Creek islocated on State
Highway KK and approximately 4.5 mi east of Chula
in the northeast part of Livingston County (figs. 1 and
13). Muddy Creek flowsin asoutherly direction at site
BFE 13. In the vicinity of the road crossing, Muddy
Creek has a channel-top width of about 70 ft and an
average channel depth of 12 ft. The 44.3-mi 2 drai nage
basin upstream from site BFE 13 predominately isrural
farmland. The 100-year recurrence-interval discharge

18 Base (100-Year) Flood Elevations for Selected Sites in Livingston County, Missouri
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Figure 11. Blackwell Branch base (100-year) flood elevation site (BFE 11) at Chillicothe, Missouri.
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Figure 12. Medicine Creek base (100-year) flood elevation site (BFE 12) near Chula, Missouri.
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computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 9,360 ft3/s (table 2). WSPRO analyses indi-
cated that the bridge section was not acting as a con-
tracted opening at the 100-year flood discharges;
therefore, the State Highway KK bridge and road sec-
tion were analyzed as a composite valley section.

The base (100-year) flood elevation for site BFE
13is733.0 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Eight cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from State
Highway KK were obtained by field (transit-stadia)
survey at or near BFE 13 (fig. 13); also, 7.5-minute
topographic maps were used to supplement the field
survey cross-section data where needed. Pertinent
bridge and embankment geometry of piers, wingwalls,
abutment and embankment slopes, and road profile
were obtained from the field survey. Manning's rough-
ness coefficients used in the WSPRO analyses were
determined from field observations (Arcement and
Schneider, 1989) and ranged from 0.055 to 0.065 for
the main channel and from 0.045 to 0.055 for the flood-
plain. The starting water-surface el evation was deter-
mined by normal-depth computation and from WSPRO
convergence analyses.

Base Flood Elevation for Site BFE 14

Site BFE 14 on Little Muddy Creek islocated on
State Highway KK and approximately 4.6 mi east of
Chulain the northeast part of Livingston County (figs.
1land14). LittleMuddy Creek is0.1 mi east of site BFE
13, and site BFE 14 is about 600 ft upstream from the
confluence of Little Muddy Creek and Muddy Creek.
Inthevicinity of theroad crossing, Little Muddy Creek
has a channel-top width of about 60 ft and an average
channel depth of 10 ft. The 19.3-mi drainage basin
upstream from site BFE 14 predominately isrura
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 6,170 ft/s (table 2).

The base (100-year) flood elevation for site BFE
14is734.6 ft (table 2; R.J. Huizinga, U.S. Geological
Survey, written commun., 2002). Six cross sections
were used in the WSPRO analyses. Cross sections
immediately upstream and downstream from State
Highway KK were obtained by field (transit-stadia)
survey at or near BFE 14 (fig. 14); also, 7.5-minute

topographic maps were used to supplement the field
survey cross-section data where needed. Pertinent
bridge and embankment geometry of piers, wingwalls,
abutment and embankment slopes, and road profile
were obtained from the field survey. Manning's rough-
ness coefficients used in the WSPRO analyses were
determined from field observations (Arcement and
Schneider, 1989) and ranged from 0.040 to 0.065 for
the main channel and from 0.045 to 0.055 for the flood-
plain. The starting water-surface elevation was deter-
mined by normal-depth computation and from WSPRO
convergence analyses.

Base Flood Elevation for Site BFE 15

Site BFE 15 on Muddy Creek islocated on
County Road 216 and approximately 5.0 mi southeast
of Chulain the northeast part of Livingston County
(figs. 1 and 15). Muddy Creek flowsin a southerly
direction at site BFE 15. In the vicinity of the road
crossing, Muddy Creek has a channel-top width of
about 75 ft and an average channel depth of 12 ft. The
72.2-mi? drai nage basin upstream from site BFE 15
predominately isrural farmland. The 100-year recur-
rence-interval discharge computed using theregression
eguation from Alexander and Wilson (1995) estimates
abase (100-year) flood of 12,600 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
15is717.9 ft (table 2). Seventeen cross sections were
used in the HEC-RAS analyses. Cross sectionsimme-
diately upstream and downstream from County Road
216 were obtained by field (transit-stadia) survey at or
near BFE 15 (fig. 15). Other cross sections were
obtained by contouring 30-m (98.4-ft) DEM dataat a 1-
m (3.28-ft) contour interval and cutting cross sections
on the contoured surface. These cross sections were
then modified based on field surveys and channel data
obtained during the site visit. Pertinent bridge and
embankment geometry of piers, wingwalls, abutment
and embankment slopes, and road profile were
obtained from the field survey. Manning’s roughness
coefficients used in the HEC-RA S analyses were deter-
mined from field observations (Arcement and
Schneider, 1989) and ranged from 0.050 to 0.090 for
the main channel and from 0.070 to 0.100 for the flood-
plain. The starting water-surface elevation was deter-
mined by normal-depth computation and from HEC-
RAS corvergence analyses.
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Figure 14. Little Muddy Creek base (100-year) flood elevation site (BFE 14) near Chula, Missouri.
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Base Flood Elevation for Site BFE 16

Site BFE 16 on Medicine Creek islocated on
U.S. Highway 36 and approximately 2.0 mi southwest
of Wheeling in the east-central part of Livingston
County (figs. 1 and 16). Medicine Creek flowsin a
southerly direction at site BFE 16. In thevicinity of the
road crossing, Medicine Creek has achannel-top width
of about 200 ft and an average channel depth of 12 ft.
The520-mi® drai nage basin upstream from site BFE 16
predominately isrural farmland. The 100-year recur-
rence-interval discharge computed using theregression
equation from Alexander and Wilson (1995) estimates
abase (100-year) flood of 37,000 ft/s (table 2).

The base (100-year) flood elevation for site BFE
16is686.1 ft (table 2). Ten cross sections were used in
the HEC-RAS analyses. Cross sections immediately
upstream and downstream from U.S. Highway 36 were
obtained by field (transit-stadia) survey at or near BFE
16 (fig. 16). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Pertinent bridge and embankment
geometry of piers, wingwalls, abutment and embank-
ment slopes, and road profile were obtained from the
field survey. Manning's roughness coefficientsused in
the HEC-RAS analyses were determined from field
observations (Arcement and Schneider, 1989) and
ranged from 0.050 to 0.070 for the main channel and
from 0.070 to 0.080 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 17

Site BFE 17 on Campbell Creek islocated on
County Road 310 and approximately 2.1 mi southwest
of Bedford in the southeast part of Livingston County
(figs. 1 and 17). Campbell Creek flows in a northeast-
erly direction at site BFE 17. In the vicinity of the road
crossing, Campbell Creek has a channel-top width of
about 40 ft and an average channel depth of 7 ft. The
4.19-mi? drai nage basin upstream from site BFE 17
predominately is rural farmland. The 100-year recur-
rence-interval discharge computed using theregression
equation from Alexander and Wilson (1995) estimates
a base (100-year) flood of 3,410 ft3/s (table 2).

The base (100-year) flood elevation for site BFE
17is691.8ft (table 2). Sixteen cross sectionswere used
inthe HEC-RA S analyses. Cross sectionsimmediately
upstream and downstream from County Road 310 were
obtained by field (transit-stadia) survey at or near BFE
17 (fig. 17). Other cross sections were obtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Pertinent bridge and embankment
geometry of piers, wingwalls, abutment and embank-
ment slopes, and road profile were obtained from the
field survey. Manning's roughness coefficients used in
the HEC-RAS analyses were determined from field
observations (Arcement and Schneider, 1989) and
ranged from 0.050 to 0.080 for the main channel and
from 0.070 to 0.100 for the floodplain. The starting
water-surface elevation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

Base Flood Elevation for Site BFE 18

Site BFE 18 on Towstring Creek in the southeast
part of Livingston County is located on County Road
387 and approximately 3.0 mi northeast of Halein Car-
roll County (figs. 1 and 18). Towstring Creek flows
through a concrete culvert in a southeasterly direction
at site BFE 18. Inthevicinity of theroad crossing, Tow-
string Creek has a channel-top width of about 35 ft and
an average channel depth of 8 ft. The 11.4-mi? drainage
basin upstream from site BFE 18 predominately isrural
farmland. The 100-year recurrence-interval discharge
computed using the regression equation from Alex-
ander and Wilson (1995) estimates a base (100-year)
flood of 5,600 ft/s (table 2).

The base (100-year) flood elevation for site BFE
18is667.4ft (table 2). Twelve cross sectionswere used
inthe HEC-RAS analyses. Cross sectionsimmediately
upstream and downstream from County Road 387 were
obtained by field (transit-stadia) survey at or near BFE
18 (fig. 18). Other cross sections were abtained by con-
touring 30-m (98.4-ft) DEM data at a 1-m (3.28-ft)
contour interval and cutting cross sections on the con-
toured surface. These cross sections were then modi-
fied based on field surveys and channel data obtained
during the site visit. Manning's roughness coefficients
used in the HEC-RAS analyses were determined from
field observations (Arcement and Schneider, 1989) and
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Figure 16. Medicine Creek base (100-year) flood elevation site (BFE 16) near Wheeling, Missouri.
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Figure 17. Campbell Creek base (100-year) flood elevation site (BFE 17) near Bedford, Missouri.
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ranged from 0.060 to 0.080 for the main channel and
from 0.080 to 0.100 for the floodplain. The starting
water-surface el evation was determined by normal-
depth computation and from HEC-RAS convergence
analyses.

SUMMARY

Theprimary criteriafor community participation
in the National Flood Insurance Program is the adop-
tion and enforcement of floodplain management
requirements. The purpose of the requirementsisto
minimize the potential for flood damages to existing
and proposed devel opment in flood-hazard areas. The
U.S. Geological Survey, in cooperation with the State
Emergency Management Agency, has completed a
study using one-dimensional surface-water flow mod-
elsto compute base (100-year) flood elevations (BFE)
for 18 approximate Zone A sites designated by the Fed-
eral Emergency Management Agency in Livingston
County, Missouri.

The 18 sitesarelocated at U.S., State, or County
road crossings, and the base flood elevation for a site
was determined on the upstream side of each crossing.
The one-dimensional surface-water flow model, HEC-
RAS, was used to compute the base flood elevations at
sitesBFE 1t06, 9, 10, and 15 to 18, and Water-Surface
PROfile (WSPRO) was used at sitesBFE 7, 8, and 11
to 14. Three of the 18 BFE sites are located near or at
thecommunity of Dawn. Site BFE 1islocated on Shoal
Creek at State Highway C, and sites BFE 2 and 3 are
located on Shoal Creek Drainage Ditch at State High-
way DD and at County Road 418. The base (100-year)
water-surface elevations for BFE 1, 2, and 3 are 701.0,
701.0, and 696.5 feet, respectively. Sites BFE 4 and 5
are located near Sampsel, Missouri. Indian Branch at
State Highway N at Sampsel is site BFE 4, where the
base (100-year) flood elevation is 711.7 feet. A tribu-
tary to Indian Branch at County Road 515 near
Sampsel issite BFE 5, where the base (100-year) flood
elevation is 755.4 feet.

Sites BFE 6, 7, and 8 are located in the north-
central part of Livingston County. Site BFE 6 ison
Honey Creek at County Road 202 near Farmersville.
Two sites (BFE 7 and 8) are located at the U.S. High-
way 65 crossings of No Creek near Farmersville and
Crooked Creek near Chillicothe, respectively. The base
(100-year) flood elevations for BFE 6, 7, and 8 are
730.8, 731.3, and 716.4 feet, respectively.

Three sitesarelocated at Chillicothe (BFE 9, 10,
and 11). Northwest of Chillicotheis BFE 9 on atribu-
tary to Coon Creek at State Highway 190. The base
(100-year) flood elevation at BFE 9 is 734.9 feet. Two
sitesarelocated on Blackwell Branch (BFE 10 and 11).
Site BFE 10 islocated at County Road 232 and has a
base (100-year) flood elevation of 738.9 feet, and BFE
11 islocated at U.S. Highway 36 and has a base (100-
year) flood elevation of 701.7 feet.

Four sitesare located in the northeast part of Liv-
ingston County (BFE 12, 13, 14, and 15). Site BFE 12
on Medicine Creek at State Highway K near Chula,
Missouri. Sites BFE 13 and 14 are on Muddy Creek
and Little Muddy Creek at State Highway KK near
Chula. Downstream of site BFE 13 on Muddy Creek is
site BFE 15 at County Road 216 near Chula. The base
(100-year) flood elevations for BFE 12, 13, 14, and 15
are721.7, 733.0, 734.6, and 717.9 feet, respectively.

Sites BFE 16, 17, and 18 are located in the east-
central and southeast parts of Livingston County. Site
BFE 16, in the east-central part of Livingston County,
ison Medicine Creek at U.S. Highway 36 near Wheel -
ing. Sites BFE 17 and 18, in the southeast part of Liv-
ingston County, are on Campbell Creek at County
Road 310 near Bedford and Towstring Creek at County
Road 387 near Hale. The base (100-year) flood eleva-
tionsfor BFE 16, 17, and 18 are 686.1, 691.8, and
667.4 feet, respectively.
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Table 1. Reference mark elevations and locations for selected sites in Livingston County, Missouri
[ft, feet; NGVD 29, National Geodetic Vertical Datum of 1929]

Reference
Reference mark
mark elevation?
number (ft) Description of location

RM 1-BFE 1 703.59 Cut square on top of northeast concrete wingwall of State Highway C
bridge over Shoal Creek at Dawn.

RM 1-BFE 2 706.22 Cut square on top of northeast concrete wingwall of State Highway DD
bridge over Shoal Creek Drainage Ditch near Dawn.

RM 2-BFE 2 706.08 Cut square on top of northwest concrete wingwall of State Highway DD
bridge over Shoal Creek Drainage Ditch near Dawn.

RM 1-BFE 3 700.51 Cut square on top of northeast concrete wingwall of County Road 418
bridge over Shoal Creek Drainage Ditch near Dawn.

RM 2-BFE 3 699.46 Cut square on top of northwest concrete wingwall of County Road 418
bridge over Shoal Creek Drainage Ditch near Dawn.

RM 1-BFE 4 715.17 Cut square on top of northeast concrete curb of State Highway N bridge
over Indian Branch at Sampsel.

RM 2-BFE 4 715.12 Cut square on top of northwest concrete curb of State Highway N bridge
over Indian Branch at Sampsel.

RM 1-BFE 5 753.73 Cut square on top of east concrete headwall of County Road 515 culvert
on tributary to Indian Branch near Sampsel.

RM 2-BFE 5 753.44 Cut square on west concrete headwall of County Road 515 culvert on
tributary to Indian Branch near Sampsel.

RM 1-BFE 6 734.05 Cut square on top of northeast concrete wingwall of County Road 202
bridge over Honey Creek near Farmersville.

RM 2-BFE 6 734.71 Cut square on top of northwest concrete wingwall of County Road 202
bridge over Honey Creek near Farmersville.

RM 1-BFE 7 741.19 Cut square on top of northwest concrete handrail of U.S. Highway 65
bridge over No Creek near Farmersville.

RM 1-BFE 8 726.30 Cut square on top of northwest concrete handrail of U.S. Highway 65
bridge over Crooked Creek near Chillicothe.

RM 1-BFE 9 736.50 Cut square on top of north concrete headwall of State Highway 190 cul-
vert on tributary to Coon Creek at Chillicothe.

RM 2-BFE 9 736.00 Cut square on top of south concrete headwall of State Highway 190 cul-

vert on tributary to Coon Creek at Chillicothe.
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Table 1. Reference mark elevations and locations for selected sites in Livingston County, Missouri—
Continued

Reference
Reference mark
mark elevation?
number (ft) Description of location

RM 1-BFE 10 738.15 Wooden stake along fence southeast of County Road 232 bridge over
Blackwell Branch about 5 feet east of corner post and north of fence
at Chillicothe.

RM 2-BFE 10 737.85 Wooden stake along fence southeast of County Road 232 bridge over
Blackwell Branch about 130 feet east of corner post and north of
fence at Chillicothe.

RM 1-BFE 11 706.96 Cut square on top of northeast concrete wingwall of U.S. Highway 36
bridge over Blackwell Branch at Chillicothe.

RM 1-BFE 12 729.74 Cut square on top of southeast concrete wingwall of State Highway K
bridge over Medicine Creek near Chula.

RM 2-BFE 12 729.78 Cut square on top of northeast concrete curb of State Highway K bridge
over Medicine Creek near Chula.

RM 1-BFE 13 739.91 Cut square on top of southeast concrete wingwall of State Highway KK
bridge over Muddy Creek near Chula.

RM 1-BFE 14 738.43 Cut square on top of southwest concrete wingwall of State Highway KK
over Little Muddy Creek near Chula.

RM 1-BFE 15 722.14 Cut square on top of southeast concrete curb of County Road 216 bridge
over Muddy Creek near Chula.

RM 2-BFE 15 721.93 Cut square on top of northeast concrete curb of County Road 216 bridge
over Muddy Creek near Chula.

RM 1-BFE 16 699.13 Cut square on top of northeast concrete handrail of U.S. Highway 36
bridge over Medicine Creek near Wheeling.

RM 2-BFE 16 699.14 Cut square on top of northwest concrete handrail of U.S. Highway 36
bridge over Medicine Creek near Wheeling.

RM 1-BFE 17 689.96 Cut square on top of southwest concrete wingwall of County Road 310
bridge over Campbell Creek near Bedford.

RM 2-BFE 17 689.96 Cut square on top of southeast concrete wingwall of County Road 310
bridge over Campbell Creek near Bedford.

RM 1-BFE 18 664.96 Cut square on top of northeast concrete wingwall of County Road 387
culvert on Towstring Creek near Hale.

RM 2-BFE 18 665.12 Cut square on top of southeast concrete wingwall of County Road 387

culvert on Towstring Creek near Hale.

2 Above NGVD 29.
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